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CLAIMS 



[Claim(s)] 

[Claim 1] Surface acoustic wave equipment which is equipped with a piezo- 
electric substrate and at least one IDT arranged on this piezo-electric substrate, 
and is characterized by adding the delay line to said unbalance signal terminal 
side in the path between said unbalance signal terminal and the 1st balanced 
signal terminal in the surface acoustic wave equipment whose another side either 
an input terminal or an output terminal is an unbalance signal terminal, and is the 
1st and 2nd balanced signal terminal. 

[Claim 2] Surface acoustic wave equipment according to claim 1 with which said 
delay line is formed on said piezo-electric substrate. 

[Claim 3] The 1st surface acoustic wave filter element which has a piezo-electric 

> 

substrate and two or more IDT(s) prepared along the surface acoustic wave 
propagation direction on this piezo-electric substrate, It has a piezo-electric 
substrate and two or more IDT(s) arranged along the surface acoustic wave 
propagation direction on this piezo-electric substrate. It has the 2nd surface 
acoustic wave filter element in which about 180 degrees of transmission phase 
characteristics differ from said 1st surface acoustic wave filter element. The said 
1st and 2nd surface acoustic wave filter element has an input terminal and an 
output terminal, respectively. Common connection of the input terminal of the 1st 
and 2nd surface acoustic wave filter element and one terminal of an output 
terminal is made in the common node. The unbalance signal terminal is 
connected at this common node. And said input terminal and the other-end child 
of an output terminal Surface acoustic wave equipment which is used as the 1st 



and 2nd balanced signal terminal, and is characterized by adding the delay line 
between said common node and the 1st surface acoustic wave filter element, 
respectively. 

[Claim 4] Surface acoustic wave equipment according to claim 3 with which said 
delay line is formed on said piezo-electric substrate. 

[Claim 5] Surface acoustic wave equipment according to claim 3 or 4 with which 
the path length of the signal line between IDT(s) of the 1st surface acoustic wave 
filter element connected to said common node, this common node, and the 
electric target differs from the path length of the signal line between IDT(s) of the 
2nd surface acoustic wave filter element connected to said common node, this 
common node, and the electric target. 

[Claim 6] Surface acoustic wave equipment according to claim 1 to 5 which 
consists of a path between an unbalance signal terminal and the 1st balanced 
signal terminal, and a path between an unbalance signal terminal and the 2nd 
balanced signal terminal with said delay line so that 0.5 degrees - 4 degrees of 
phases of the electrical signal of I/O may differ. 

[Claim 7] Surface acoustic wave equipment according to claim 1 to 6 further 
equipped with the 2nd delay line which is added to said 1st balanced signal 
terminal, and was formed on the piezo-electric substrate. 
[Claim 8] Surface acoustic wave equipment according to claim 7 which consists 
of a path between an unbalance signal terminal and the 1st balanced signal 
terminal, and a path between an unbalance signal terminal and the 2nd balanced 
signal terminal with said delay line and 2nd delay line so that 0.5 degrees - 4 
degrees of phases of the electrical signal of I/O may differ. 
[Claim 9] The 1st surface acoustic wave filter element which has a piezo-electric 
substrate and two or more IDT(s) prepared along the propagation direction of a 
surface acoustic wave on this piezo-electric substrate, It has a piezo-electric 
substrate and two or more IDT(s) prepared along the propagation direction of a 
surface acoustic wave on this piezo-electric substrate. It has the 2nd surface 
acoustic wave filter element in which about 180 degrees of transmission phase 



characteristics differ from said 1st surface acoustic wave filter element. The said 
1st and 2nd surface acoustic wave filter element has an input terminal and an 
output terminal, respectively. Common connection of the input terminal of the 1st 
and 2nd surface acoustic wave filter element and one terminal of an output 
terminal is made in the common node. The unbalance signal terminal is 
connected at this common node, and said input terminal and the other-end child 
of an output terminal are used as the 1st and 2nd balanced signal terminal, 
respectively. And said common node, The path length of the signal line between 
IDT(s) of the 1st surface acoustic wave filter element connected to this common 
node and the electric target Said common node, Surface acoustic wave 
equipment characterized by differing from the path length of the signal line 
between IDT(s) of the 2nd surface acoustic wave filter element connected to this 
common node and the electric target. 

[Claim 10] In the path between said unbalance signal terminal and the 1st 
balanced signal terminal, and the path between an unbalance signal terminal and 
the 2nd balanced signal terminal The path length of the signal line between 
IDT(s) of the 1st surface acoustic wave filter element connected to said common 
node, this common node, and the electric target, Surface acoustic wave 
equipment according to claim 9 characterized by differing so that 0.5 degrees - 4 
degrees of phases of the electrical signal of I/O of the path length of the signal 
line between IDT(s) of the 2nd surface acoustic wave filter element connected to 
said common node, this common node, and the electric target may differ. 
[Claim 1 1] Surface acoustic wave equipment according to claim 1 to 10 which is 
417/fc<L<3330/fc when the path length of the signal line between said unbalance 
signal terminal and the 1st balanced signal terminal differs from the path length 
of the signal line between said unbalance signal terminal and the 2nd balanced 
signal terminal on said piezo-electric substrate and path length difference L (mm) 
sets center frequency to fc (MHz). 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a detail more about the surface 
acoustic wave equipment used as a band pass filter at the surface acoustic wave 
equipment either [ whose ] an input terminal or an output terminal is an 
unbalance signal terminal. 
[0002] 

[Description of the Prior Art] In recent years, in the surface acoustic wave filter 
used for RF stage of a portable telephone, what has balanced - unbalance 
conversion function and the so-called balun function is called for, and it has been 
used in RF stage of the portable telephone of a GSM method etc. 
[0003] In balanced - unbalance conversion function, it is required that 0 and 
phase contrast (following and phase balance property) should have the 
amplitude difference (following and amplitude balance property) of the terminal of 
the couple of the balancing side close to 180 degrees. 
[0004] An example of surface acoustic wave equipment which has the 
conventional balanced - unbalance conversion function is shown in drawing 6 in 
schematic drawing. With the surface acoustic wave equipment 200 shown in 
drawing 6 , vertical joint resonator mold SAW filter 201,202 and the 1 port mold 



SAW resonator 203,204 are formed with aluminum electrode on the piezo- 
electric substrate. Parallel connection of the input side of SAW filter 201 ,202 is 
carried out, and it is connected to the unbalance signal terminal 205. Moreover, 
the SAW resonator 203,204 is connected to the output side of SAW filter 201 ,202 
at the serial, respectively, and the SAW resonator 203,204 is connected to the 
balanced signal terminal 206,207, respectively. 

[0005] In SAW filter 202, IDT(s) 201a and 201b by the side of the unbalance 
which adjoins a reflector are reversed to IDT(s) 202a and 202b which adjoin the 
reflector of SAW filter 202 so that clearly from drawing 6 . It is carried out by this 
if the phase of the signal outputted from the balanced signal terminal 206 and the 
signal outputted from the balanced signal terminal 207 is 180-degree **. 
[0006] 

[Problem(s) to be Solved by the Invention] With the configuration shown in 
drawing 6 , the electrode fingers 201 d and 201 e which adjoin central IDT201c 
among two or more electrode fingers of IDT(s) 201a and 201b of SAW filter 201 
are connected to the unbalance signal terminal 205. On the other hand, in SAW 
filter 202, the electrode fingers 202d and 202e which adjoin central IDT202c 
among two or more electrode fingers of IDT(s) 202a and 202b are connected to 
ground potential. Therefore, the property of SAW filter 202 does not turn into a 
property which only reversed 180 degrees of phases of SAW filter 201 . Therefore, 
with surface acoustic wave equipment 200, the phase balance property could not 
but shift from ideal 180 degrees. 

[0007] Moreover, with the surface acoustic wave equipment which has the 
conventional balanced - unbalance conversion function, there was a case where 
the layout of the wiring structure on the piezo-electric substrate from an 
unbalance signal terminal to the balanced signal terminal of a couple etc. was not 
symmetrical on the basis of an unbalance signal terminal, further. In that case, 
the magnitude of the parasitic capacitance to the path to the balanced signal 
terminal of a couple tended to differ, and the phase balance property tended to 
deteriorate also by it. 



[0008] The object of this invention is to offer the surface acoustic wave 
equipment which has balanced - unbalance conversion function, and was 
excellent in the phase balance property in view of the actual condition of the 
conventional technique mentioned above. 
[0009] 

[Means for Solving the Problem] According to the large aspect of affairs of the 1st 
invention, it has a piezo-electric substrate and at least one IDT arranged on this 
piezo-electric substrate. In the surface acoustic wave equipment whose another 
side either an input terminal or an output terminal is an unbalance signal terminal, 
and is the 1st and 2nd balanced signal terminal In the path between said 
unbalance signal terminal and the 1st balanced signal terminal, the surface 
acoustic wave equipment characterized by adding the delay line to said 
unbalance signal terminal side is offered. In this case, the above-mentioned 
delay line is preferably formed on a piezo-electric substrate. 
[0010] The 1st surface acoustic wave filter element which has a piezo-electric 
substrate and two or more IDT(s) prepared along the surface acoustic wave 
propagation direction on this piezo-electric substrate according to another large 
aspect of affairs of the 2nd invention, It has a piezo-electric substrate and two or 
more IDT(s) arranged along the surface acoustic wave propagation direction on 
this piezo-electric substrate. It has the 2nd surface acoustic wave filter element in 
which about 180 degrees of transmission phase characteristics differ from said 
1st surface acoustic wave filter element. The said 1st and 2nd surface acoustic 
wave filter element has an input terminal and an output terminal, respectively. 
Common connection of the input terminal of the 1st and 2nd surface acoustic 
wave filter element and one terminal of an output terminal is made in the 
common node. The unbalance signal terminal is connected at this common node, 
and said input terminal and the other-end child of an output terminal are used as 
the 1st and 2nd balanced signal terminal, respectively. And between said 
common node and the 1st surface acoustic wave filter element The surface 
acoustic wave equipment characterized by adding the delay line is offered. 
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Preferably, the above-mentioned delay line is formed on a piezo-electric 
substrate. 

[001 1] Moreover, on the specific aspect of affairs of the 2nd invention, the path 
length of the signal line between IDT(s) of the 1st surface acoustic wave filter 
element connected to said common node, this common node, and the electric 
target differs from the path length of the signal line between IDT(s) of the 2nd 
surface acoustic wave filter element connected to said common node, this 
common node, and the electric target. 

[0012] On the specific aspect of affairs with this invention (1st and 2nd invention), 
a path between an unbalance signal terminal and the 1st balanced signal 
terminal and a path between an unbalance signal terminal and the 2nd balanced 
signal terminal are consisted of by the above-mentioned delay line so that 0.5 
degrees - 4 degrees of phases of the electrical signal of I/O may differ. 
[0013] On another specific aspect of affairs of this invention (1st and 2nd 
invention), it has further the 2nd delay line which is added to one side of the 
balanced signal terminal of said couple, and was formed on the piezo-electric 
substrate. In this case, preferably, by the above-mentioned delay line and the 
2nd delay line, it is a path between an unbalance signal terminal and the 1st 
balanced signal terminal, and a path between an unbalance signal terminal and 
the 2nd balanced signal terminal, and it is constituted so that 0.5 degrees - 4 
degrees of phases of the electrical signal of I/O may differ. 
[0014] The 1st surface acoustic wave filter element which has a piezo-electric 
substrate and two or more IDT(s) prepared along the propagation direction of a 
surface acoustic wave on this piezo-electric substrate according to the large 
aspect of affairs of invention of the 3rd of this application, It has a piezo-electric 
substrate and two or more IDT(s) prepared along the propagation direction of a 
surface acoustic wave on this piezo-electric substrate. It has the 2nd surface 
acoustic wave filter element in which about 180 degrees of transmission phase 
characteristics differ from said 1st surface acoustic wave filter element. The said 
1st and 2nd surface acoustic wave filter element has an input terminal and an 



output terminal, respectively. Common connection of the input terminal of the 1st 
and 2nd surface acoustic wave filter element and one terminal of an output 
terminal is made in the common node. The unbalance signal terminal is 
connected at this common node, and said input terminal and the other-end child 
of an output terminal are used as the 1st and 2nd balanced signal terminal, 
respectively. And said common node, The path length of the signal line between 
IDT(s) of the 1st surface acoustic wave filter element connected to this common 
node and the electric target Said common node, It is characterized by differing 
from the path length of the signal line between IDT(s) of the 2nd surface acoustic 
wave filter element connected to this common node and the electric target. 
[0015] On a specific aspect of affairs with the 3rd invention, in the path between 
said unbalance signal terminal and the 1st balanced signal terminal, and the path 
between an unbalance signal terminal and the 2nd balanced signal terminal The 
path length of the signal line between IDT(s) of the 1st surface acoustic wave 
filter element connected to said common node, this common node, and the 
electric target, It differs so that 0.5 degrees - 4 degrees of phases of the electrical 
signal of I/O of the path length of the signal line between IDT(s) of the 2nd 
surface acoustic wave filter element connected to said common node, this 
common node, and the electric target may differ. 
[0016] Furthermore, when the path length of the signal line between said 
unbalance signal terminal and the 1st balanced signal terminal differs from the 
path length of the signal line between said unbalance signal terminal and the 2nd 
balanced signal terminal on said piezo-electric substrate and path length 
difference L (mm) sets center frequency to fc (MHz) on another restrictive aspect 
of affairs of this invention, it is 417/fc<L<3330/fc. 
[0017] 

[Embodiment of the Invention] Hereafter, this invention is clarified by [ of this 
invention / concrete ] explaining, referring to a drawing. 
[0018] Drawing 1 is the typical top view of the surface acoustic wave equipment 
concerning the 1st example of this invention. In this example, the electrode 



structure shown in drawing 1 is formed with aluminum electrode on the piezo- 
electric substrate. As a piezo-electric substrate, 40 **5-degreeY cut X 
propagation LiTa03 substrate is used. But the piezoelectric material which 
constitutes a piezo-electric substrate is not limited to this, but can use other 
piezo-electric single crystal substrates, such as LiTa03 substrate, and the 64-72 
degreeY cut X propagation LiNb03, the 41 degreeY cut X propagation LiNb03, 
and electrostrictive ceramics substrates of a cut angle. 

[0019] On the above-mentioned piezo-electric substrate, 1st and 2nd vertical joint 
resonator mold SAW filter 101,102 and the 1 port mold SAW resonator 103,104 
are formed. In SAW filter 101, IDT 105-107 is arranged along the surface wave 
propagation direction. The reflector 108,109 is arranged at the surface wave 
propagation direction both sides of a part in which IDT 105-107 is formed. 
[0020] The pitch of two or more electrode fingers which attend spacing between 
IDT105 and IDT106 and spacing between IDT106 and IDT107 is made smaller 
than the pitch of the electrode finger of other parts of IDT. For example, the pitch 
of two or more electrode fingers arranged at the part shown by A of drawing 1 
and A is made smaller than the pitch of the electrode finger of other parts of IDT 
105-107. 

[0021] SAW filter 102 is constituted like SAW filter 101. However, the sense of 
IDT105' of SAW filter 102 and IDT107' is reversed in the sense and the vertical 
direction of IDT105,107 of SAW filter 101. That is, the sense of IDT105 1 and 107' 
is reversed to the sense of IDT105,107 so that the output signal of SAW filter 101 
may serve as an output signal of SAW filter 102, and an opposite phase. 
[0022] The SAW resonator 103,104 is connected to the output terminal of SAW 
filter 101,102 at the serial, respectively. With surface acoustic wave equipment 
100, in the common node 110, common connection of the input terminal of SAW 
filter 101,102 is made, and the common node 1 10 is connected to the unbalance 
signal terminal 1 12 as an input signal terminal. 

[0023] On the other hand, the 1st and 2nd balanced signal terminal 1 13,1 14 is 
connected to the output side of the SAW resonator 103,104 as an output terminal, 



respectively. Furthermore, in this example, the delay line 117 is inserted between 
the input side of SAW filter 101, and the common node 110. The delay line 1 1 7 is 
the delay line added to the unbalance signal terminal side in this invention. 
Moreover, the 2nd delay line 1 16 is inserted between the SAW resonator 103 
and the balanced signal terminal 113. 

[0024] The delay line 1 16,1 17 takes about the signal line which consists of an 
aluminum electrode, and is constituted by lengthening a transmission route. 
[0025] The concrete content of a design of the surface acoustic wave equipment 
of this example is shown below. In addition, spacing shall say the center-to- 
center dimension of two electrode fingers to below. 

[0026] The number of the electrode finger of IDT in the electrode finger crossover 
width-of-face =75micromSAW filter 101,102 in SAW filter 101,102: The number 
=22 ** of the electrode finger of IDT105. However, the electrode finger of the ** 
pitch section which three electrode fingers mentioned above among 22 electrode 
fingers. The number of the electrode finger of IDT106 = 33 However, three 
electrode fingers arranged among 33 electrode fingers at the surface-wave 
propagation direction both sides are electrode fingers of the ** pitch section each. 
The number of the electrode finger of IDT107 = 22 However, the electrode finger 
of the ** pitch section which three electrode fingers mentioned above among 22 
electrode fingers. The number of the electrode finger of IDT105', 106\ and 107' is 
made to be the same as that of I DT1 05, 106, 107. 
The number of the electrode finger of a reflector 108,109 = wavelength 
lambdal=2.1422micrometer of 120IDT1 05-1 07,105' - 107\ however The 
wavelength of IDT in the ** pitch section The wavelength lambdaR= 
2. 1770micromSAW filter 101 of 1 .9295-micrometer reflector, Width of face / pitch 
= duty ratio of the electrode finger of IDT in the IDT-reflector spacing 
=0.496lambdaRSAW filter 101,102 in the IDT- IDT spacing =0.4432lambdaRSAW 
filter 101,102 in 102 = The 0.63SAW resonator 103, 104 electrode finger 
crossover width of face = The 40micromSAW resonator 103, The number of IDT 
of 104 = The 201 SAW resonator 103, number [ of the electrode finger of the 
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reflector in 104 ] = - path length =350micrometer[0027 [ of the wavelength of IDT 
in the 30each SAW resonator 103,104, and a reflector / of the wavelength 
=2.1096micrometer delay line 116 ] of the path length =350micrometer delay line 
117 — ] The property of the surface acoustic wave equipment constituted as 
mentioned above by drawing 2 - drawing 4 is shown. The property of the surface 
acoustic wave equipment of the conventional example shown in drawing 6 
designed like the above-mentioned example for the comparison if it removed that 
the delay line 1 16,1 17 was not formed is also shown in drawing 2 - drawing 4 . In 
drawing 2 , drawing 3 shows a frequency-amplitude balance property and 
drawing 4 shows a frequency-phase balance property for the frequency- 
transmission amplitude characteristic. In drawing 2 , a broken line is a property 
shown on a right-hand side amplification scale, and since the property of the 
conventional example and an example was mostly in agreement, it has lapped. 
In drawing 3 and drawing 4 , each property of an example is a continuous line, 
and each property of the conventional example is shown by the broken line. 
[0028] It turns out that the frequency-transmission amplitude characteristic of the 
surface acoustic wave equipment of this example and a frequency-amplitude 
balance property do not almost have a difference with the above-mentioned 
conventional example so that clearly from drawing 2 and drawing 3 . 
[0029] On the other hand, with the surface acoustic wave equipment 100 of an 
example, it turns out that the phase balance property is greatly improved in a 
passband compared with the surface acoustic wave equipment of the 
conventional example so that clearly from drawing 4 . That is, in the conventional 
example, the gap of the phase balance property in near the said frequency is 
made quite small with 5.8 degrees by this example to a maximum of 7.2 degrees 
of phase balance properties having shifted from 180 degrees near 1865MHz in a 
passband. 

[0030] Moreover, in the conventional example, to the phase balance property 
having shifted in the minus direction from 180 degrees, the phase balance 
property is shifted into the passband in the rear spring supporter and about 1.5- 



degree plus direction at the whole, therefore the good phase balance property is 
acquired in the passband by this example. This is for only the part of the path 
length of the delay line 1 16,117 being in the phase of the signal outputted from 
the 1st balanced signal terminal 1 13 as an output signal terminal. 
[0031] In addition, in the conventional surface acoustic wave equipment 200 
which does not have the above-mentioned delay line 1 16,1 17, since the phase 
balance property had shifted in the minus direction from 180 degrees in most in a 
passband, by this example, the delay line 1 16,1 17 is added to the signal-line side 
of the unbalance signal terminal 112 and the balanced signal terminal 113, and 
the phase balance property is shifted to the plus direction by it. 
[0032] But what is necessary is to add the delay line to the signal-line side 
between the balanced signal terminal 1 12 and the balanced signal terminal 114, 
and just to shift a phase balance property in the minus direction to reverse in the 
considerable conventional example to which the delay line is not added, when 
the phase balance property has shifted to the plus direction. In this case, the 
balanced signal terminal 1 14 turns into the 1st balanced signal terminal of this 
invention. 

[0033] In other words, this invention adjusts a difference with the phase of the 
signal of the phase of the signal outputted from SAW filter 101 generated by the 
difference in the structure of SAW filter 101 and SAW filter 102, and the phase of 
the signal outputted from SAW filter 102 by changing the path length from the 
unbalance signal terminal 112 to the balanced signal terminal 113, and the path 
length from the unbalance signal terminal 1 12 to the balanced signal terminal 
114, and improves a phase balance property. 

[0034] Moreover, as mentioned above, with the surface acoustic wave equipment 
100 of this example, the delay line 116,117 is arranged on the piezo-electric 
substrate. The delay line 116,117 can also be constituted in the package (not 
shown) which mounts a piezo-electric substrate. However, the design change of 
a package takes long duration on the occasion of a prototype, and a great effort 
and cost are needed for it. Moreover, also in the phase whose mass production 



was attained, the versatility of a package becomes small and the cost of a 
package becomes high. 

[0035] On the other hand, in this example, the delay line 1 16,1 17 is arranged at 
the piezo-electric substrate side. Therefore, the delay line can be easily formed in 
high degree of accuracy according to a photolithography process, and the design 
change of the delay line is also easy. Moreover, since a package may be 
communalized, the versatility of a package is also raised. 
[0036] Moreover, in this example, the delay line 116 added to the balanced signal 
terminal 113 side and the delay line 1 17 added to the common node 1 10 side are 
used in the surface acoustic wave equipment which has balanced - unbalance 
conversion function. In this case, the shift amount of a time delay and a phase 
balance property is decided in the sum total of the path length of the delay line 
116 and the delay line 117. Therefore, a phase balance property can be more 
greatly shifted by preparing the both sides of the delay line 116,1 17. In other 
words, the delay line of required die length can be distributed to two places. 
Therefore, the path length per delay line can be shortened and the delay line can 
be easily arranged in the limited tooth space on a piezo-electric substrate. 
[0037] But in this example, the delay line 1 16 is not necessarily formed, but its ** 
is also good, and as mentioned above by it that only the delay line 117 should be 
formed, it can improve a phase balance property greatly. 
[0038] Moreover, when it mounts surface acoustic wave equipment 100 in a 
package with a flip chip method of construction, the bump who consists of gold 
etc. is given to the part in which the signal terminal 112,113,114 on a piezo- 
electric substrate is formed. In that case, a big occupancy area for bump bonding 
is needed for the signal terminals 112-114. Especially, in the balanced signal 
terminal 113,114 side, the tooth space which arranges the delay line 1 1 6 may not 
be securable. In such a case, according to this example, by the unbalance signal 
terminal 112 side, since allowances are in the tooth space which arranges the 
delay line 117, the delay line 117 can be easily arranged on a piezo-electric 
substrate. 



[0039] In addition, in the above-mentioned example, although the delay line 117 
was formed in a part of signal path between the common node 110 and 
IDT105,107, it can also constitute the delay line 117 from other modes. For 
example, the delay line 117 may be constituted by inserting a wire between the 
signal path part during the unbalance signal terminal 112 and the common node 
110 in drawing 1 , and the signal path part between the common node 110 and 
IDT105,107. That is, by using the wire which connects the electrode pad which 
stands in a row for the unbalance signal terminal 112, and the electrode pad 
which stands in a row in IDT105,107, the unbalance signal terminal 110 and 
IDT105,107 may be connected, and the delay line may be constituted. 
[0040] The surface acoustic wave equipment which has balanced - unbalance 
conversion function in which this example is applied will not be limited especially 
if two SAW filters are the things of the format by which common connection is 
electrically made by the unbalance signal terminal side. That is, you may have 
not only the configuration shown in drawing 1 but the 1st SAW filter component 
to which two-step cascade connection of the vertical joint resonator mold SAW 
filter 101, 101 A was carried out as shown in drawing 5 and the 2nd SAW filter 
component to which two-step cascade connection of vertical joint resonator mold 
SAW filterl 01 1 and 101 A' was carried out. Moreover, in the configuration shown 
in drawing 1 , the SAW resonator 103,104 is not necessarily formed with a 
natural thing, but ** is also good. 

[0041] Design parameters, such as electrode finger crossover width of face 
explained in the surface acoustic wave equipment 102 of the example mentioned 
above, may be changed if needed, and even if it is that case, the effectiveness of 
this invention can be acquired. 

[0042] As mentioned above, it is used for the effectiveness that a phase balance 
property is improved, by adding the delay line to an unbalance signal terminal 
side in the signal line between an unbalance signal terminal and the 1st balanced 
signal terminal that only the part of the path length of the delay line is in the 
phase of a signal. Therefore, the die length which changes the path length from 



the shift amount of a phase balance property, the die length of the required delay 
line, or the unbalance signal terminal 1 1 2 to the balanced signal terminal 113 and 
the path length from the unbalance signal terminal 1 12 to the balanced signal 
terminal 114 corresponds by 1 to 1. 

[0043] Next, especially the length of the effective delay line is explained in this 
invention. In the conventional example, about **7 degrees of phase balance 
properties have shifted from 180 degrees in the passband so that clearly from the 
frequency-phase balance property of the conventional example of drawing 4 . 
Moreover, also in the surface acoustic wave equipment of other configurations, it 
is actual that the phase shift of about **several times exists. 
[0044] Therefore, to make the amount of phase shifts into 0.5 degrees or more, 
when improving a phase balance property according to this invention is desired, 
and when a phase shift 0.5 degrees or more is realized, the improvement effect 

* 

of a phase balance property is fully acquired. 

[0045] A gap of a phase balance property does not shift from 180 degrees in the 
fixed direction in a passband, but it shifts to a plus side with a frequency, or it 
shifts to a minus side so that clearly from drawing 4 . For example, although the 
phase balance property is improved in the example in drawing 4 in almost all the 
frequency ranges in a passband, near 1800MHz, a phase balance property tends 
to get worse to a plus side. Since there is this frequency part, even if it is going to 
improve a phase balance property further in the configuration of an example 1, 
+1 .5 degrees of the amount which can be improved are a limit. 
[0046] Moreover, according to examination by the invention-in-this-application 
person, in order to constitute a phase balance property according to this 
invention, it is confirmed that it is optimal to determine the die length of the delay 
line that the amount of phase shifts will become 4 degrees or less. This is 
because the very long delay line is needed on a piezo-electric substrate, so 
resistance will increase or occupancy area will increase, if the amount of phase 
shifts is enlarged too much. Therefore, in order to improve a phase balance 
property by this invention and to attain evasion and a miniaturization of the 



increment in resistance further, it is desirable to make the amount of phase shifts 
into the range of 0.5 degrees - 4 degrees. 

[0047] Since the velocity of propagation of an electrical signal is about 
3x108m/second, when center frequency of an SAW filter is set to fc (MHz), the 
die length of per one wave lambda of the electrical signal in center frequency 
serves as 3x108x103/(fcx106) (mm/lambda) =3x105/fc (mm/lambda). 
[0048] Therefore, the die length of the delay line required for a 1 -degree phase 
shift serves as 360(mm/degree) = 833/[ 3x108x103/(fcx106) / ] fc (mm/degree). 
Therefore, die-length [ of the delay line corresponding to the amount range of 
phase shifts of 0.5 degrees - 4 degrees ] L (mm) is set to 417/fc<L<3330/fc. That 
is, when the delay line of the die length of this range is formed, especially this 
invention is effective. 

[0049] With the surface acoustic wave equipment of the example which followed, 
for example, was mentioned above, when forming only the delay line 117 in an 
unbalance signal terminal side and not forming the 2nd delay line 1 16 in a 
balanced signal terminal side, about 1.6 degrees of phase balance properties 
can be shifted by forming the delay line 117 with a die length of about 700 
micrometers. Moreover, as shown in drawing 1 , when the delay line 1 16 is 
formed also in a balanced signal terminal side, the delay line 117,1 16 can be 
constituted by lengthening each 350 micrometers of leading about of signal 
wiring, respectively, and about 1.6 degrees of phase balance properties can be 
shifted similarly. 

[0050] When the delay line is an ideal micro stripe path, there is the wavelength 
compaction effectiveness by effective dielectric constant epsilone determined 
with the configuration of a micro stripe path. Therefore, the wavelength of a 
propagation signal will be shortened by 1/2 per /(epsilone). In the above- 
mentioned example, since the thickness of a piezo-electric substrate is thick 
enough compared with strip path width of face, effective dielectric constant 
epsilone becomes the value of the abbreviation one half of specific-inductive- 
capacity epsilonr of a piezo-electric substrate. In the above-mentioned example, 



as a piezo-electric substrate, LiTa03 substrate of about 43 is used for specific- 
inductive-capacity epsilonr, therefore the wavelength of a propagation signal will 
be compressed into 1/(21.5)1/2=0.22 time, i.e., 22%. This means that the die 
length of the delay line required in order to shift a phase balance property by the 
above-mentioned compression becomes short. 

[0051] However, in the result of the above-mentioned example, by having set the 
die length of the sum total of the delay line 1 16,1 17 to 700 micrometers, about 
1.6 degrees of phase balance properties are shifted, and the result which does 
not need to take into consideration the above-mentioned wavelength compaction 
effectiveness is obtained. It thinks because, as for this, the premise of a 
theoretical formula is not applied since it has a horseshoe-shaped configuration 
as the delay line 116,117 is shown in drawing 1 and the ground electrode and the 
signal electrode exist in the list around. 

[0052] If the above-mentioned wavelength compaction effectiveness is acquired 

* 

when the delay line is formed as mentioned above, as for the die length of the 
delay line, only the part of the wavelength compaction effectiveness will become 
short. However, when the delay line has been arranged to the tooth space to 
which it was restricted on the piezo-electric substrate, it is checked by the 
invention-in-this-application person that the above-mentioned wavelength 
compaction effectiveness seldom influences. Therefore, especially the thing to 
establish for the delay line of the die length of 417/fc<L<3330/fc is effective as it 
mentioned above, in order to have improved the phase balance property of 
surface acoustic wave equipment actually by this invention. 
[0053] 

[Effect of the Invention] In the configuration whose another side at least one IDT 
is arranged on the piezo-electric substrate with the surface acoustic wave 
equipment concerning this invention, either an input terminal or an output 
terminal is an unbalance signal terminal, and is the 1st and 2nd balanced signal 
terminal Since the delay line is added to the unbalance signal terminal side in the 
path between an unbalance signal terminal and the 1st balanced signal terminal, 



the phase of the near path in which the delay line is added by addition of this 
delay line is delayed, and a phase balance property is improved. Therefore, the 
surface acoustic wave equipment which has balanced - unbalance conversion 
function excellent in the phase balance property can be offered. 
[0054] Moreover, when the above-mentioned delay line is formed on the piezo- 
electric substrate, compared with the case where the delay line is constituted, the 
design of surface acoustic wave equipment becomes easy at a package side. 
Moreover, on a piezo-electric substrate, a photolithography technique etc. can be 
used and the delay line can be formed with high precision and easily. 
Furthermore, the design change of the delay line also becomes easy. 
[0055] In invention of the 2nd of this application, common connection of the input 
terminal of the 1st and 2nd surface acoustic wave filter element and one terminal 
of an output terminal is made. Since the delay line is added to the path between 
a common node and IDT of the 1st surface acoustic wave filter element in the 
configuration in which it connects with the unbalance signal terminal and the 
other-end child is connected to the 1st and 2nd balanced signal terminal, 
respectively, The phase of the signal by the side of the 1st surface acoustic wave 
filter element is delayed compared with the phase of the signal by the side of the 
surface acoustic wave filter element of another side by this delay line, and a 
phase balance property is improved by it. 

[0056] Also in the 2nd invention, when the delay line is formed on the piezo- 
electric substrate, compared with the case where the delay line is constituted, the 
design of the delay line is easy for a package, and cost can be reduced. 
Moreover, the delay line can be formed with high precision and easily on a piezo- 
electric substrate with a photolithography technique, and the design change of 
the delay line also becomes easy. 

[0057] The path length of the signal line between IDT(s) of the 2nd surface 
acoustic wave filter element by which the path length of the signal line between a 
parallel connection point and IDT of the 1st surface acoustic wave filter element 
connected to this common node and the electric target is connected to the 



common node, this common node, and the electric target differs, and the above- 
mentioned delay line is constituted from a specific aspect of affairs of the 2nd 
invention by this path length difference. 

[0058] In this invention, since the 2nd delay line is formed in it in addition to the 
delay line formed as an indispensable configuration in this invention when 
equipping one side of the balanced signal terminal of a couple with the 2nd delay 
line formed on the piezo-electric substrate further, a phase balance property can 
be improved much more effectively by distributing both delay lines. Moreover, the 
die length of each delay line can be shortened and arrangement of each delay 
line also becomes easy. 

[0059] In this invention, when the delay line added to the unbalance signal 
terminal side is constituted so that 0.5 degrees - 4 degrees of phases of an 
electrical signal may be delayed, while being able to improve effectively the 
phase balance property of surface acoustic wave equipment according to this 
invention, a miniaturization can be advanced and it is hard to cause degradation 
of other properties. 

[0060] Moreover, in the configuration in which the 2nd delay line is formed in 
addition to the delay line, when the delay line and the 2nd delay line are 
constituted so that it may be made to differ the phase of 0.5 degrees - 4 degrees 
of an electrical signal, while the phase balance property of surface acoustic wave 
equipment is effectively improvable according to this invention and advancing a 
miniaturization, it is hard to cause degradation of other properties. 
[0061] In the 3rd invention, common connection of either the input terminal of the 
1st and 2nd surface acoustic wave filter element or an output terminal is made in 
the common node, and the unbalance signal terminal is connected at this 
common node, and let the input terminal and the other-end child of an output 
terminal be the 1st and 2nd balanced signal terminal, respectively. The path 
length of the signal line between IDT(s) of the 1st surface acoustic wave filter 
element connected to the common node, the common node, and the electric 
target And a common node, Since it differs from the path length of the signal line 



between IDT(s) of the 2nd surface acoustic wave filter element connected to this 
common node and the electric target, The phase of the signal of the 1st or 2nd 
surface acoustic wave filter element is delayed compared with the phase of the 
signal of the 1st or 2nd surface acoustic wave filter element, and can improve a 
phase balance property by it. 

[0062] In the 3rd invention in the path between the path between an unbalance 
signal terminal and the 1st balanced signal terminal, an unbalance signal 
terminal, and the 2nd balanced signal terminal The path length of the signal line 
between IDT(s) of the 1st surface acoustic wave filter element connected to said 
common node, this common node, and the electric target, The path length of the 
signal line between IDT(s) of the 2nd surface acoustic wave filter element 
connected to the common node, this common node, and the electric target When 
it differs so that 0.5 degrees - 4 degrees of phases of the electrical signal of I/O 
may differ, while being able to improve a phase balance property much more 
effectively, a miniaturization can be advanced and it is hard to cause degradation 
of other properties. 

[0063] In this invention, when the delay line is constituted [ when it considers as 
the surface acoustic wave center of filter frequency fc, ] so that it may be set to 
417/fc<L<3330/fc, and the path length between an unbalance signal terminal and 
the 1st and 2nd balanced signal terminal may be changed, the phase balance 
property of surface acoustic wave equipment can be improved still more 
effectively. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The typical top view of the surface acoustic wave equipment 
concerning one example of this invention. 

[Drawing 2] Drawing showing the transmission characteristic of the surface 
acoustic wave equipment of an example and the conventional example. 
[Drawing 3] Drawing showing the amplitude balance property of the surface 
acoustic wave equipment of an example and the conventional example. 
[Drawing 4] Drawing showing the phase balance property of the surface acoustic 
wave equipment of an example and the conventional example. 
[Drawing 5] The typical top view showing the modification of the surface acoustic 
wave equipment of this invention. 

[Drawing 6] The typical top view showing an example of conventional surface 

acoustic wave equipment. 

[Description of Notations] 

100 - Surface acoustic wave equipment 

101, 101\ 101 A, 101 A 1 - SAW filter 

103,104 - SAW resonator 

105-107,105'-107' -IDT 

108,109 - Reflector 

1 1 0 - Common node 

112- Unbalance signal terminal 

1 13,1 14 - The 1st, 2nd balanced signal terminal 

116- The 2nd delay line 

117 - Delay line 

150 - Surface acoustic wave equipment 
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Wyj)l>? 1 0 1 <om*7fI^\ SAW7>fMl0 2 
©ffiaft^ttfffifflfc&fccfcSK:. I DTI 0 5'. 1 

0 7' I DTI 0 5, 1 0 7 (OfS]^{C*fUT 

[0 0 2 2] S AW*If 1 0 3, 1 0 4H -£-*V? 

tt. SAW7^wioi, i o 2 com^^icit^Jtc: 
*«snrif^. ftttiftgnoom saw7 
-fj^ioi, 102 ©x^M^^astia^ i i o jc 
*3^T«i8a$nt^o, ^igi* i 1 oa*A*fs 

So 

[0 0 2 3 ] flfi*, S AW^If 1 0 3, 1 0 4 coffi* 

Wl 13, 114^»3S^nw^ S^IC, *^ 
JSWTtt, SAW7^fM 1 0 10>A*«J£#a«l*^ 

1 1 0t©MJCilSittl 1 7^JfA^tlT^^o jg*§& 

i i 7^\ *&m\z&tfttW&m^ffi^M\ztfin2n 

gf 103 <fc¥»(I*l«rF 1 1 3 £<nm\zW A2*IT^ 

[0024] mmm ii6, 1 1 ? n a i nsfrzfc 

[0 0 2 5] *^»«0)#tt*ffi»81©a#Wft»tl- 
ft^£J^TtC^t\ ETFK*V»T, MBit** 2 

[0 0 2 6] S AW7 A )V* 101, 102 \Z&tfZ>m 

SAW7>fi^l0 1, 1 0 2tC43tt& I DTcOSSJt 
: I DT 1 0 5 <Dmffifn<D*%l= 2 2* fl *SU 

^(Om@j§o IDTlO60iig(?)*t=3 3*o i 

a nrz& 3 *<f>mmm&w t? * r&om&m. idti 

0 7C0m@^<^*:Sc=2 2*o fib, 2 2 *(Om®fa CD 

DT105' , 106', 107' <Dmms%<D*mzs 

IDT 1 0 5, 1 0 6, 1 0 7 £m&£2tlX\<>Z> 0 
J£#tg§10 8, 1 0 9(DW,Mi%<D*&= 1 2 0* 
IDT1 0 5-1 0 7, 105' -107' 0$fiA I 
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= 2. 1 4 2 2 urn. {lb. SStfu/^SBI-fctt* I DT 
GO&^tel. 9 2 9 5 //m 
RSfgG>»fiAR=2. 1 7 7 0 um 
SAW7^^10 1, 10 2 tC&H<5 I DT - I DT 
mm=0. 44 3 2 AR 
SAW7^M10 1, 1 0 2\Z&rt2> I 
^E1=0. 4 9 6 A R 

SAW7^M10 1, 1 0 2 tC&ttS I DTtf)®Sfg 
(D*m/ n.—"r 4 — lt= 0 . 6 3 

SAWMf 1 0 3, 1 0 4 (7)^® ^5^1= 4 0 fim 
S AWffif 103, 104CDIDT 2 0 1 * 

SAWMf 1 0 3, 1 0 4\Z&rtZ>K%$Wi<onm%i<F> 
#&=#3 0* 

S AW^If 1 0 3, 1 04 tC&ttS I D T <D$L&JkTf 
£Wi§tf)&g=2. 1 0 9 6 Mm 

mmm ii6 co^^= 3 5 0 
mmm 1 1 1 <Dm&m= 3 5 0 

[0 0 2 7] 02-04JC, ±m<D &?\ZLT ffi&LZtl 
116, 11 7^tt^n^^ofcCl<h^^^Tfi±IS 

#tt^®&ggcD»tt : fe®2-gi4tr^To m2\zm& 

£<> 0 3^^4fC^^T^IM^JcO«rtt«^'rnt)^ll 
[0 0 2 8] 02M3^^W^e>l:, 

- H<H A ? > X £H4 tt, _bfB^^J <h & £ A, V > 

[0 0 2 9] ffi*. H 4 a^SH^ *JSM<0 

jiafflf«rt»3*3tiTl 8 6 5MHzftiST, &*BA^> 
XWl8 0°d^ijc7. 2° tttnt^S©!:?* 

^tto-rnti5. 8° tMow<$tm^. 

[0 0 3 0] «£#«Ttt, ffiffl/^>Xl*ttW:l 

8 0° ^^v-f^-X^f^tC-rnT^fcCOtC^L, *g|JS 

mm&mte\z±mzt>rz*) , »i. s° y^x 

cn«, iE&SIl 16, 11 7 (Z>«Kfi©»«:W, 
[0 0 3 1 ] ±35iI3iMl 1 6, 117£*fL& 
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*«»JC*5triTffiffiA^>X4#tt*U 8 0° ^^>T<^- 

f 1 1 2<h, ¥«ra^*HF 1 1 3 £0>«^>f >fflijtcig 
SMI 16, 11 7^f*JO$n, ^ntCctoTfttiA*^ 

[0 0 3 2] 51ffiM*^*P5tlTl^^*BS 

tafi 1 4<hcoraofi^^^>ffl'J^a3iM«:Miinb. 
10 ±x^fa{c&fflA^>x^tt£^7 h£-fr*ifc£J; 

[0 0 3 3] f^ft^nH #*9Jtt* SAW7>fW 
1 0 1 (hSAW7^M 1 0 2 (Dmj&<Dm*\Z&-DT$£ 

s aw7^m 1 0 2^6m*^n§fi^^ffita 

1 3£T0>JKft:B<h, T¥Iflf ST 1 1 
2j&>5¥«fa#«Hf 1 1 4 3rc<o«&ft 

So 

[0 0 3 4] M3*Ufc<J:^tC, #^ffi«l<D#tt* 

m&giM 10 0 iESM 11.6, 117 «E«SS 
±tcBE©£tiT^So jIM^I 16, 117H IliS 

[0035] ^nc^LT, mmatKfflr] 

tC3IMigSl 1 6, 1 1 7atffiH£*lT^£o ftoT, 7 
Kii5§M*^fi!cT*££#T?^ ^oiS®M<Z>K»^3E 

[0 0 3 6] *^IJfi««ITtt, ¥»-^¥«a«« 

1 3fflfcttira£nfci!3£Ml 16t, ABttRjAl 1 0 
40 «^f*JP$tlfcSMMl 1 7^ffll^tlTV^, Z<DM 

iisMi i 6R^iBffiMi 1 7 om&mo&ifem 

T, X3EM1 16, 11 7<DMJj&m-t2>ZZi\Z<kt). 

So m^Sl^tl«. i^BftfiSOjiffiM€:2*0f^»« 
tSC^^TfSo «£oT. l^<7>illffiM*fc0<OJKB 

50 [0 0 3 7] **M^JTH. 1 16tt 
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[0 0 3 8] £Ac* 7U7^y^Ifti:J:0, 
Sfi±0>A4MI? 1 1 2 , 113, 1140<Rt*&tl& 
tc, {g^«H=-l 1 2—1 1 4lCte. A>:/#>x-f>y 

af 113, 1 1 4ittt, m&m i 6§Eft§x 
^jss^jtcctti«, ^ani^s^i 1 2flraa«5§*i 

[0 0 3 9] &*5, ±f2^iS^]T! 5 ^, 1 1 7 

#iB«tt,£l 10£IDT105, 10 7 £<Dffl<Dm^ 

m&<D— mz.m.rt*>ntz.ifi. mnmuxmrnmi 1 7£ 

Zkffi? 112 £*SH&BE;£ 1 1 0 <h©Pa<B{g^«ft«# 

10£IDT105, 107 <t<0fW<B 

SH^l 1 2Jca^S«a/t!y K£> I DTI 0 5, 10 
7 «ffiAW F ^-f-V—^ffl^SC: 

^JCcfcO, 1 I DTI 0 5, 1 

too4o] ^mmmfimmzn&w-m-^w-m^mm. 
^^ft^s^fflxf m^; w $ nx ^ a man 

gfISAW7^Ml0 1, 10 1A^2iIigl 

snfc*iosAW7>fmfi, tttt^yffFas 
AW7>fi^ior , ioia' ^2aKa»«$n 

&S2©SAW7>fM#ft*tT«t)©T»^T!) 
SAWftfif 1 0 3, 1 0 4te#-rLfcKttSft 
[0 04 1] B9abfe^JfiW©»tt*ffi»SHl 02i: 

[0042] ittf)£Lfccj;5ic\ ^fw-mm^m^ t& 1 v> 
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&g<h, ^3p««#iHI J Fl 1 2^b¥I^Sf 1 1 4 

[0043] #cic, *KWiz&^xmzm$hx*&2>mm 

A^>X»ttttiiia#«rt^*5liT 1 8 0° ^b+7° 

10 [0 0 4 4] fcX, *^^l:^XfeffiA7>X^fi 

fiffiy7M^0. 5° &±£TZ>z. 

L&w&n. o. 5° a±ofi«->7h^s$ns* 

[0 0 4 5] i4jd^BjeWJ:^i, W7>Xft 
ttOTnti, ffiii*S«l*3JC*5^Tl 8 0° fr*>-fe<Dj5 

mzimz><Dx\zt£< . m&mz^-Dx^^xmiz-fti 
tzK>. ^^xwjcrnfco-r*. H4xit 

WN^yX^tt^i^nxi^^ 1 8 0 0MHz 

&#U#3Ste+l. 5°«T$)§o 
[0 0 4 6] *H5SM*Jc«fcSttW{Cckn«. * 

mit*mZ>fc*b\Z\-£. &ffl->7hl^0. 5° -4° <E> 
[0 0 4 7] *SC«^©e!Baffitt» 3X10 8 m/# 

x&zrctf)* s AW7>r;^©KfliSS$ f c (mh 

z) *^H»»^43^S«a^oiiKfi 
A»fcD0>fi£tt3 X 10 8 X10V (fcXIO 6 ) 
(mm/ A) = 3X10 5 /fc (mm/ A) 
[0 04 8]fi£oT> l 0 Ofi«y7M:«S&i81l 
40 <Dfi£te, 3X10 8 X10V (fcXIO 6 ) /36 
0 (mm/S) = 8 3 3/f c (mm/^) J: 
ot, fiffly7hi«10. 5° -4° iZftfoTZMte 
^C0g$L (mm) te* 417/f c<L<3 3 3 0/ 

[0 0 4 9] S£^T, OTAtf±iEUfcHJfi«©#tt*ffi 

w\ w-mmmffi^mizm 2 ommm 1 1 e &mf&^m 
€>\z\z. m7 0 0 Mm0S$©ijiii 1 7&mnz>z. 

50 £\Z£Q. fltfHA^>X«rtt£ftl. 6° y7h^t^ 
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Tmizbm&mi 1 6*»»tfc«^Ktt, mmmi i 

7, i i 6&, ^n-enfi^BBJBositrisiL^fta 5 o 

[0 0 5 0] ilSH^aSWJS:^^ * DX h U y Zfmtx 

Ttt. EtSfid: IttkRW £ r ^fi4 3 OL i T a 
1/(21. 5) 1/2 =0. 226, -T&*)^2 2 %K 

&.tB2tiz>zt\ztez>* zl<dzl£\** ±keem»1£»hl 

[0 0 5 1 ] U^b^e>. ±E*J6«©lS*Ttt, 51 
3£H1 16, 11 7CO^H-Og^^7 0 0 umtlsfzZ. 

h\Z£D. fia;«>x(ftt#»i. 6° y7h$tlT 
5nTtf»*. Ctltt, illill 116, 117(1 ill: 

[0 0 5 2] WiBl,&<fc3K:, iIJS«£RB"fc«^K:± 
l»filfia*©»«:»fi<ft«. L**L&a*S. E1S 

Lfc£«Q. 417/f c<L<3 3 3 0/f c(Dl$ 
[0 0 5 3] 

SS±i: / >^< <ht> l oco I DT^iBB$nT43 0, A 

r> iiLW*7>A&mz&nrz¥m-^¥-m^mmm* 

[0 0 5 4] g;fc, ±Eii5Si»^J£«Sfi±^^j«Sn 
mm» £ E1IS± K 7 * b U V ^ 5 7 >< -fttfifc £ £ 
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[0 0 5 5] *B<OS2©»W^tt, SI, I2 0#tt 
3EB&:7 -< ^^©AAiB^fttf m*»^O->jC0ia 

ffiyj<7>^^^n^tim 1,^2 (DW-mmm&Tizt&a 

2tlT^Z>ffifiHZ&^X* #Mf£M&£* « 1 ©JPtt* 
Snt^Sfc^ Rgj^tCcfcOSl ^tt^B^:?^ 

[0056] m2<Dftm\z&^xh* mm»tfiB£n&iR 
icM^nt^^^cn aw$t— zs\zmmm&m 
f&rzm&^it^x, mm&v>w>mmmx&?), 

[0 0 5 7] *2©5SW<Z>«F5£©HffiT?H MMStt^ 
T^§S 2 0)#tt^Bi67>f I D T i^fel© 

[0058] *mwiz&^x* -M(ow-mmn^(D- 
jj\z. mmmfo±\z&&2ntzf&2<Dmm»&iz*>izffi 
pizm&izte. *&mz&\i*x>&^<DmtiLt.\sXMi&z 
nzmMmzm&xm2<Dmji£mibmrtznz>rztb, ?z 

[0059] *&wiz&^x. ^mm^r^mizmu 

Ztlfz&mtSLiP* SM{f^<£>ftffi£0. 5° -4° 316 

Z£&X%Z>£:t2*>lZ. 'hMit&mzbZZtfrXZ. 
40 [0 0 6 0] jffiffi»JCjP^.T*2a)a3ffi»^Rfrt 

m^ft^CDttffiO. 5° —4° S£tbi*£cfc^lC*gf&£ 

nT^**-&(Ctt, #f£9§lCfi£oT, 3MSSffi«Sft<0 
tiLW^>Xft&*&Mf$lZ&WX%Z>£li*>lZ, /hS 

[0 0 6 1 ] S3 <D5gMT?tt. mi, f&2 Q^tt^BtS 

so -^-n^n. si, S2<^¥«li#«^^$nT^ 
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fix. #ii«flk£<t, #mi$tm&£n%toiz&m 

M©a#7-f >0«Kfi^ #a»«,£<!:* K^SftlR 

coo6 2] m3<Dftmiz&\,*T, ^w-mmn^tm 

[0 0 6 3] #R9iK:*3^TfcL #tt^ffi»7>f ;^<7> 
f ctUfct#C 417/fc<L<33 
3 0/f c t^i^lc^SSWiSl, ^ 2 co 
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